ABSTRACT Examination of old human lenses indicates that low-molecular-weight alpha crystallin is not present in the inner 3040%, the nucleus, of the lens. The remainder of such lenses, the periphery, contains normal levels of this protein. This finding is in marked contrast to observations in young lenses, where a large quantity of this protein is found throughout the tissue.
The lens of the eye is a particularly attractive tissue for studying certain aspects of the aging process. It is an encapsulated avascular tissue composed of a single layer of epithelial cells on the anterior subcapsular surface. In the equatorial zone, these cells transform into fiber cells, sending out processes towards the anterior and posterior poles and synthesizing large quantities of the structural lens proteins, the crystallins. Finally, with pyknosis of the nucleus, these fiber cells become lens fibers. This process continues at a decreasing rate throughout the life of the tissue, with the younger fibers displacing the older material in towards the central region of the lens. Thus the oldest components of the lens are in the core, the nucleus, and the youngest material in the periphery, the cortex. With the degradation of DNA and other components of the information system, the lens fibers lose their ability to synthesize protein (1) . Little proteolysis can be detected in the lens (2) . Thus, it has been assumed that most protein synthesized in the young lens remains in the nuclear region for the life of the tissue.
Although the human lens contains a high concentration of protein, approximately 35% on a wet weight basis, it has remarkable optical clarity. With aging, the transparency of the tissue gradually decreases, particularly in the nuclear region (3). Thus, it is not surprising to find a dramatic increase in the development of opacity, cataract, in older individuals. The age-related development of cataract in the nuclear region has been correlated with increased scattering of light in the in vtvo lens (3) (4) (5) and the accumulation of high-molecular-weight protein macromolecules (4, 6) .
In the bovine lens, it is well established that, with aging, one of the major structural proteins, alpha crystallin, partially transforms to higher-molecular-weight aggregates larger than 50 X 106 daltons (7, 8) and to insoluble species (9, 10) . It has been demonstrated that such giant aggregates are formed almost entirely from alpha crystallin (10) . This size transformation occurs primarily in the inner region of the lens (11) . Thus, in an older bovine lens nucleus, alpha crystallin macromolecules ranging from approximately 1 X 106 daltons to these highmolecular-weight species can be detected (11) . Since such giant protein aggregates may cause opacification of the lens, the process is of particular interest. The physical basis for such a hypothesis has been developed by Benedek utilizing light scattering theory (12) .
The situation in the human lens, however, is not clearly understood. While the human high-molecular-weight and insoluble proteins have very similar compositions, they differ markedly from alpha crystallin (13) . Such observations suggest that although alpha crystallin may contribute to these protein species, other components must also be involved. Human alpha crystallin isolated from young lens and from the outer 50% of older normal and cataractous lenses has been characterized (14) . As with the bovine lens, the newly synthesized protein appears physically homogeneous with a molecular weight of 0.7 X 106 (15) . With aging, physical heterogeneity develops and species in the 1-5 X 106 dalton range can be detected (15) . The newly synthesized protein contains three polypeptide chains, two presumptive A chains and one presumptive B chain (15) . Preparations of alpha crystallin from older lenses contain a complex group of 11 polypeptides, 5 B and 6 A chains. The polypeptides in each group are closely related, suggesting that they have evolved as a result of posttranslational modification (16) .
Since the nuclear region of the lens differs from the remainder of the tissue and is the major site of the transformation of the protein to high-molecular-weight species, it is of interest to compare its properties with that of the remainder of the tissue. In this communication, it is demonstrated that the nuclear region of older human lens, in contrast to the peripheral region, The periphery represents the outer 70% of the wet weight of the lens and the nucleus the remainder of the lens. Approximately 95% of the protein was recovered from the column in most experiments.
contains no alpha crystallin in the low-molecular-weight range.
MATERIALS AND METHODS
Human eyes between 60 and 70 years old were obtained from the New York Eye Bank. After dissection, the lens were stored at -84°until use. The frozen lenses were separated into the nuclear and peripheral regions with a no. 3 cork borer, after which the ends were removed from the nuclear cylinder. In this study, the nucleus is defined as the inner 30-40% of the lens. The periphery and nucleus were individually homogenized at a concentration of 0.7-1.0 g (wet weight) per 10 tracentrifuge to remove the insoluble fraction. The supernatant was recentrifuged at 30,000 rpm (59,400 X g) for 15 min at 4°. By this procedure, the high-molecular-weight components are removed from the solution. The 59,400 X g supernatant, containing the low-molecular-weight components, was chromatographed on Bio-Gel A-1.5m, 200-400 mesh, as described previously (16) . Sodium dodecyl sulfate and urea polyacrylamide gel electrophoresis, amino acid analysis, and aminoterminal determinations were performed according to previously published procedures (16) . RESULTS The elution profiles obtained when the 59,400 X g supernatants from the nucleus and periphery of cataractous lenses were passed through the Bio-Gel A-1.5m column is illustrated in Fig.  1 . The supernatant from the periphery contains four distinct peaks. Peak 1 elutes immediately after the void volume and represents material with molecular weights greater than 1.5 X 106. The second peak elutes in the region of bovine low-molecular-weight alpha crystallin with a molecular weight of 7.1 X 105. Peak 3 is found in the 2.3 X 105 dalton region and peak 4 represents low-molecular-weight components. The supernatant from the nuclear region appears to contain essentially no peak 1 and peak 2 material. The recoveries from the column are given in Table l ..While 19% of the total recovered protein from the periphery is present in peaks 1 and 2, only 0.7% of the protein is found in this region in the nuclear preparation. The recoveries of protein from both nuclear and peripheral regions average about 95%. Similar results were obtained with normal lenses in the same age range. Results are expressed in residues/1000 residues. All values are the average of at least three determinations. Variations of +4% or less were usually observed.
The peaks from the two preparations were dialyzed and lyophilized and then subjected to sodium dodecyl sulfate and urea gel electrophoresis (Fig. 2) . Peaks 1 and 2 from the supernatant gave profiles similar to human alpha crystallin with both gel electrophoretic conditions. Amino acid analyses (Table 2) confirmed that these peaks represent this protein. Peaks 3 and 4 from the nuclear material gave gel electrophoretic patterns which are distinctly different from alpha crystallin. In peak 3, electrophoretic bands with mobilities similar to those of the A polypeptides are not present in sodium dodecyl sulfate gels and are present in only small amounts in urea gels. While the lowmolecular-weight peak 4 fraction contains components that appear to have the same size as the A polypeptides, there are only minor components which have the same mobilities as the A chains in urea gels. Such results suggest that alpha crystallin is not present in peaks 3 or 4 in significant amounts. It is also interesting to note that peaks 3 and 4 from the periphery give similar patterns to their nuclear counterpart. Such a result would not be expected if there were a shift of alpha crystallin to lower-sized aggregates. As expected, the amino acid composition of the nuclear fractions (Table 2) is distinctly different from that of alpha crystallin (see fraction 1, periphery). However, these fractions differ in some respects from their counterparts isolated from the periphery, suggesting some variation in composition.
No amino terminal was found in peaks 1 and 2 from the periphery, as would be expected for alpha crystallin. Peaks 3 and 4 from both periphery and nucleus gave similar results. Peak 3 had small amounts of glycine as an amino terminal and high levels of glycine were found in peak 4, suggesting the probable mixing of these poorly separated components. Glycine has previously been reported as the amino terminal of the lowmolecular-weight gamma crystallin fraction (17) .
When experiments were performed with different sections of young lens, the data clearly indicated that low-molecularweight alpha crystallin was present throughout the lens at approximately the same concentration. Similar results were also obtained with lenses less than one year of age, which essentially represent the nuclear region of older lenses. DISCUSSION It has been assumed that the protein content of the young human lens is equivalent to the nuclear region of older lenses because there is little or no protein synthesis (1) and proteolysis in the nuclear region (2) . In the young human lens, low-molecular-weight alpha crystallin represents approximately 20% of the total soluble protein. It is clear from this communication that such protein is essentially absent in the nuclear region of old lenses. The peripheral region continues to have alpha crystallin levels comparable to those of the young lens. Similar results have been obtained with old normal and cataractous lenses with nuclear opacity.
What has happened to this alpha crystallin species, which represents a significant fraction of the lens protein? It is attrractive to suggest that it has shifted to high-molecular-weight aggregates and to the insoluble fraction. Indeed, both A and B polypeptides comparable to those of alpha crystallin have been found in the high-molecular-weight and insoluble fractions (13) , and immunochemical data also suggest the presence of this protein (A. Spector, unpublished results). However, the presence of other lens proteins in such fractions clearly indicates that alpha crystallin is not solely responsible for the generation of the fractions. At present, we have obtained no evidence of such a dramatic change of any other structural lens protein. With regard to the smaller protein species isolated from the nuclear region, the present evidence indicates that alpha crystallin containing the usual composition of A and B polypeptides is absent from such fractions. While polypeptides with characteristics of the B chains are found in fractions 3 and 4 from Bio-Gel A-1.5m columns, A-type polypeptides are either absent or present in small amounts. There also appear to be smaller amounts of A chain relative to the B chains in the high-molecular-weight and insoluble fractions (13) . Such data suggest a preferential modification or destruction of the A chain polypeptides. It is conceivable that such polypeptides may be a major source of the new polypeptide fractions that appear with aging. Reports of polypeptides of 43,000 daltons (18) and larger (19) suggest that crosslinking of smaller components may have occurred. The presence of substantial levels of 11,000-dalton polypeptides may indicate that proteolysis, although slow, may over a long period of time cause significant degradation.
